interpenetration network based on the 2D sql network. 5 exhibits a 4-connected network with a cds topology. 6 presents the first example of a 2-fold interpenetrating 6-connected cco-6-Pbcm 3D network with a point symbol of (4 7 ·6 8 ). 7 shows a (3,3,4,4)-connected 2D 3,3,4,4L72 network with a point symbol of (3·4 ·5)Ĳ4·8 ). 8 presents a (3,5)-connected self-catenated 2D 3,5L2 network with a point symbol of (4
Introduction
The synthesis of coordination polymers (CPs) with specific structures is still a great challenge, and has been a hot topic in chemistry for decades due to not only the interesting topologies, but also the multitudinous properties for functional materials in various fields, such as gas adsorption and storage, catalysis, sensors, luminescent materials and so on.
1-6
The well-known TOPOS topological databases contain more than 180 000 types of topology and more than 1 700 000 examples of their occurrences in crystal structures. 7, 8 Topological analysis of crystal structures can help us better understand the structural features of coordination polymers and allow us to compare them with other coordination polymers. In order to pre-design the synthesis of coordination polymers with specific structures, a good understanding of the structural features of the coordination polymers is necessary. The entanglements of coordination polymers are particularly intriguing because of the presence of periodic entanglements, in which independent motifs are entangled together in different modes. Entangled networks can be classified as interpenetrated, polycatenated, polythreaded or polyknotted. [9] [10] [11] [12] Interpenetrated and polycatenated networks are the two most common entangled systems, but selfcatenated coordination networks are uncommon and less exploited. 9, 10 Polythreaded structures are characterized by the presence of closed loops, as well as elements that can thread through the loops, and can be considered as extended periodic analogues of molecular rotaxanes and pseudorotaxanes. 11, 12 The few polythreaded species include 0D → carboxyl group has flexible coordination modes with metal ions. The various coordination modes of the carboxyl group can be divided into three modes: monodentate, bridging and chelating. In this work, we focus on the construction and regulation of CdĲII) CPs with intriguing topologies and interesting properties using the 4-substituted bisĲ1,2,4-triazole) ligand 1,4-bisĲ1,2,4-triazol-4-ylmethyl)benzene (btrb) and multicarboxylate co-ligands.
were synthesized under hydrothermal conditions (btrb = 1,4-bisĲ1,2,4-triazol-4-ylmethyl)-benzene, H 4 btec = 1,2,4,5-benzene tetracarboxylic acid, H 4 bptc = (1,1′-biphenyl)tetracarboxylic acid, H 3 btc = 1,3,5-benzenetricarboxylic acid, H 2 ip = isophthalic acid, H 2 MeOip = 4-methoxyl-isophthalic acid, 1,2-H 2 bdc = phthalic acid, H 2 -bpdc = (1,1′-biphenyl)-2,2′-dicarboxylic acid). 1 presents an unprecedented (4,4,4,4)-connected 3D (electroneutral motif) + 1D (cationic motif) → 3D polythreaded network with a bli1 topology, where the point symbol of the 3D motif is (4 
Experimental

Materials and methods
1,4-BisĲ1,2,4-triazol-4-ylmethyl)benzene (btrb) was synthesized according to the reported method. 16 All reagents were purchased and used without further purification. Elemental analyses for C, H and N were performed on a Perkin-Elmer 240C analyzer. FT-IR spectra were obtained on a Bruker VER-TEX 70 FT-IR spectrophotometer in the 4000-600 cm −1 region. Powder X-ray diffraction (PXRD) was performed on a D/ MAX-3C diffractometer with Cu-Kα radiation (λ = 1.5406 Å) at room temperature. Thermogravimetric analysis (TGA) was carried out using a Thermal Analyst 2100 TA Instrument and SDT 2960 Simultaneous TGA-DTA Instrument with nitrogen flow at a heating rate of 10°C min −1 . The luminescence measurements were carried out in the solid state at room temperature and the spectra were collected on a PerkinElmer LS50B spectrofluorimeter. A multi-scan absorption correction was applied. 17 The positions of the hydrogen atoms were determined by theoretical calculations. The structures were solved and refined by the SHELXTL package. 18 The solvent molecules in 1, 2 and 3
were removed with the SQUEEZE procedure in PLATON. 19 The ISOR and EADP commands were used and the occupancies of the disordered atoms were determined to make sure that the U eq values were reasonable. The number of lattice water molecules for 1, 2 and 3 was deduced from the TGA and elemental analysis. The parameters of the crystal data collection and refinement are given in Table S1 . † Selected bond lengths, bond angles and hydrogen bonds are given in Tables S2 and  S3 in the ESI. †
Results and discussion
Synthesis of 1-8
The balanced chemical reaction equations of 1-8 are shown in Fig. S43 in the ESI. † 2-8 were all prepared under common hydrothermal conditions, while 1 could not be obtained in the same way. During the preparation of 1, we found that the btec ligand has a very strong bonding ability with CdĲII) atoms, even stronger than the btrb ligand under hydrothermal conditions. We could only obtain [CdĲbtec) 0.5 ĲH 2 O)] n (CCDC: 214511) 20 at certain ratios and temperatures (from 70°C to 140°C). [CdĲbtec) 0.5 ĲH 2 O)] n is still the only product except the unknown precipitate, even when the ratio of btrb : btec = 10 : 1. In order to get a CP in which btrb and btec ligands both coordinate with CdĲII) atoms, we tried to use [CdĲbtec) 0.5 ĲH 2 O)] n as the starting material. Crystals of [CdĲbtec) 0.5 ĲH 2 O)] n were put into a solution of btrb. After leaving the solution to stand for a long time, the shape of the [CdĲbtec) 0.5 ĲH 2 O)] n crystals changed from diamond-like to big blocks, suggesting the formation of 1. Then we improved the steps in the preparation as shown in the synthesis section by a combination of the hydrothermal method and solvent method. This case shows a step-synthesis strategy in a mixed ligand system, especially for those ligands which have big differences in coordination ability. The crystals can be constructed by the metal and strong ligands first and then these crystals can be used as a material to react with a solution of the weak ligand under suitable conditions. There is a good chance of obtaining unexpected products after the reaction. The combination of the hydrothermal/solvothermal method and solvent method is a new thinking in the preparation of unusual CPs.
1 is composed of a 3D electroneutral motif and a 1D cationic motif polythreaded together and forms a 1D + 3D → 3D polythreaded network. The 3D motif shows an unprecedented (4,4,4,4)-connected bli1 topology or a second mot topology based on the [Cd 2 ĲCOO)] dimer. The asymmetric unit of the 3D motif consists of two CdĲII) atoms (Cd1/Cd2), two halves of btec ligands, one btrb ligand and two coordinated water molecules. Cd1 is in a distorted octahedral geometry, coordinated by three carboxylate oxygen atoms (O1/O2/O8A) from two btec ligands, two nitrogen atoms (N1/N5B) from two btrb ligands and one water oxygen atom (O9). Cd2 is in a 7-coordinated pentagonal bipyramidal geometry, coordinated by four carboxylate oxygen atoms (O1/O3/O5/O6) from two btec ligands, two nitrogen atoms (N2/N4B) from two btrb ligands and one water oxygen atom (O10) (Fig. S1 in the ESI †). Two kinds of btec ligand are both coordinated with four CdĲII) atoms in three kinds of coordination mode: chelating bridging (O1O2), monodentate (O3O4/O8O7) and chelating (O5O6) modes ( Fig. S2 and S3 in the ESI †). The btrb ligands are all coordinated with four CdĲII) atoms in a cisconfiguration. Two btrb ligands (N1-N6/N1B-N6B) connected with the same four CdĲII) atoms form a [Cd 4 Ĳbtrb) 2 ] ring (Fig.  S4 in the ESI †). The planes of the benzene rings in the coordination ring are parallel, with a distance of 3.2 Å. The [Cd 4 Ĳbtrb) 2 ] rings are linked by btec ligands and extended to form a nano-tunnel (Fig. 1a, Fig. S5 in the ESI †). The distance between the adjacent parallel nano-tunnels is 13.2 Å. The adjacent nano-tunnels are connected by btec ligands to form a unique 3D network (Fig. 1b) . The planes formed by the adjacent parallel nano-tunnels are also parallel, with a distance of 9.8 Å, and the space angle of the nano-tunnels in adjacent planes is 70.5°along the c-axis.
Topologically, the Cd1 and Cd2 atoms are both coordinated by two btrb and two btec ligands. Two kinds of btec ligand and the btrb ligands in the 3D motif are all coordinated by four CdĲII) atoms. Thus, the CdĲII) atoms and the btec and btrb ligands can all be described as 4-connected nodes. The structure of the 3D motif is analysed with Toptware.
7 The 3D network in 1 can be simplified as a (4,4,4,4)-connected network ( Fig. 1c) with a point symbol of (4 This topology is unprecedented, and was deposited in the TTD (Topos Topological Database) collection and named bli1. To simplify the topologies, if the [Cd 2 ĲCOO)] dimer is simplified as a 4-connected node, the double btrb ligands in the [Cd 4 Ĳbtrb) 2 ] ring and the btec (O1-O4) ligand are all 2-connected. The btec (O5-O8) ligand can also be considered as a 4-connected node. The 3D structure can be simplified as a (4,4)-connected mot topology with a point symbol of (6 4 ·8 2 ) 2 Ĳ6 6 ) (Fig. 1d) . According to the TTO (Topological Types Observed) collection, only one example of the mot topology has been reported before. 22 The asymmetric unit of the 1D cationic motif consists of half of a CdĲII) atom (Cd3), half of a btrb ligand and two water molecules (Fig. 1e) . The btrb ligands connect the adjacent CdĲII) atoms to form a 1D cationic chain {[CdĲbtrb)ĲH 2 O) 4 ] 2+ } n with a Cd⋯Cd distance of 14.5113Ĳ31) Å. The disordered hydroxyl ions balance the charge. The 1D cationic chains pass through the nano-tunnels in the 3D motif to form a 1D + 3D → 3D polythreaded network (Fig. 1e) . Hydrogen bonding interactions stabilize the polythreading array ( -(1,4-butanediyl)bisĲimidazol), bix = 1,4-bisĲimidazol-1-ylmethyl)-benzene) 12c exhibit similar 1D + 3D → 3D polythreaded networks based on a 3D polyoxometalate anionic network and 1D cationic chains. Our group synthesized three 1D + 3D → 3D polythreaded networks, which were all constructed by a 3D anionic network and 1D cationic chains.
12d-f
In short, the interesting structural features of 1 can be summarized as three aspects: (a) 1 shows a rare 1D + 3D → 3D polythreaded structure; (b) 1 is the first 1D + 3D → 3D polythreaded structure which is constructed by a 3D electroneutral network (not a 3D anionic network) and 1D cationic chains; (c) the 3D electroneutral network exhibits an unprecedented (4,4,4,4)-connected network.
Crystal structure of {[CdĲbtrb) 0.5 Ĳbptc) 0.5 ]·H 2 O} n (2·H 2 O) 2 shows an unprecedented (4,5,6)-connected network. The asymmetric unit of 2 consists of one CdĲII) atom, half of a btrb ligand and half of a bptc ligand. Cd1 is in a distorted pentagonal bipyramidal geometry and coordinates five carboxylate oxygen atoms (O1/O1A/O2A/O3/O3B) from three bptc ligands and two nitrogen atoms (N1/N2A) from two btrb ligands (Fig. S6 in the ESI †) . The bptc ligands in 2 show chelating bridging and bridging coordination modes with six CdĲII) atoms (Fig. S7 in the ESI †) . The CdĲII) atoms are connected by the bptc ligands and extend to form a [CdĲbptc) 0.5 ] n 2D network (Fig. 2a ). Each btrb ligand shows an anti-conformation and coordinates four CdĲII) atoms with its 1,2-position triazole nitrogen atoms (Fig. S8 in the ESI †) . The [CdĲbptc) 0.5 ] n 2D networks are linked by btrb ligands and construct a 3D network (Fig. 2b) .
Topologically, each CdĲII) atom is coordinated by three bptc ligands and two btrb ligands and can be described as a 5-connected node (Fig. S9 in the ESI †) , while the bptc ligands and btrb ligands are 6-connected and 4-connected nodes, respectively ( Fig. S7 and S8 in the ESI †). The 3D structure of 2 can be simplified as a (4,5,6)-connected network (Fig. 2c) with a point symbol of (4
. 21 This topology is unprecedented, and was deposited in the TTD (Topos Topological Database) collection and named bli2. of a btrb ligand (N1-N3) and one btc ligand (O1-O6). Cd1 coordinates with four carboxylate oxygen atoms (O1/O1C/O6A/ O6B) from four btc ligands and two nitrogen atoms (N1/N1C) from two btrb ligands in a distorted octahedral geometry. The Cd2 atom is in a distorted octahedral geometry coordinating with five carboxylate oxygen atoms (O1/O2/O3D/O4D/ O5B) from three btc ligands and one nitrogen atom (N2) from one btrb ligand (Fig. S10 in (Fig. 3a) . Each btrb ligand shows an anti-conformation and connects four CdĲII) atoms. The CdĲII) atoms of the [Cd 3 Ĳbtc) 2 ] n 3D network are linked by btrb ligands and the [Cd 3 Ĳbtrb)Ĳbtc) 2 ] n 3D network is constructed (Fig. 3b) .
Topologically, if the CdĲII) trimer cluster [Cd 3 ĲCOO) 2 ] is simplified as one node, it connects six btc ligands and two btrb ligands and is 8-connected (Fig. S12 in (Fig. S14 in the ESI †) . The 2-connected btrb and ip ligands connect the 4-connected CdĲII) nodes to form an undulated 2D sql network (Fig. 4a ) with a point symbol of (4 4 ·6 2 ). Two adjacent undulated 2D networks interpenetrate each other and a 2D + 2D → 2D interpenetration network is formed (Fig. 4b) .
Crystal structure of {[CdĲbtrb)ĲMeOip)]·H 2 O} n (5) 5 exhibits a 4-connected 3D network. 5 crystallizes in the monoclinic system with a P2 1 /n space group. The asymmetric unit consists of one CdĲII) atom, two halves of btrb ligands, one MeOip ligand and one lattice water molecule. Cd1 is 5-coordinated with three carboxylate oxygen atoms (O1/O2/ O3A) from two MeOip ligands and two nitrogen atoms from two btrb ligands (N2/N4) in a distorted square pyramidal geometry (CdO 3 N 2 ) (Fig. S15 in the ESI †) . The structural distortion index τ for the Cd1 atom is 0.288, indicating that the coordination environment of the metal atom is closer to a square pyramidal geometry than a trigonal bipyramidal configuration.
Two carboxylate groups of one MeOip ligand act as chelating (O1O2) and monodentate (O3O4) modes. The MeOip ligands are 2-connected. The Cd⋯Cd distance separated by the MeOip bridge is 8.9586(26) Å. The btrb ligands exhibit an anti-configuration and are 2-connected. Each CdĲII) atom connects four other CdĲII) atoms through two MeOip and two btrb bridges. The Cd⋯Cd distances separated by the btrb bridges are 14.5312Ĳ40) and 13.9854Ĳ33) Å. The CdĲII) atoms are connected by MeOip and btrb ligands and extend to construct a self-catenated 3D network (Fig. 5a) .
Topologically, each CdĲII) is 4-connected. The MeOip and btrb ligands are 2-connected. The 3D network of 5 can be simplified as a 4-connected 3D network of a cds topology (Fig. 5b) with a point symbol of (6 5 ·8).
Crystal structure of {[Cd 2 Ĳbtrb) 2 Ĳ1,2-bdc) 2 ]·3H 2 O} n (6) 6 presents a 6-connected 3D cco-6-Pbcm network. The asymmetric unit of 6 consists of two CdĲII) atoms, one btrb ligand and two halves of btrb ligands, two 1,2-bdc ligands and three lattice water molecules. Cd1 is in a distorted octahedral geometry coordinated with three carboxylate oxygen atoms (O1/ O3/O5C) from two 1,2-bdc ligands and three nitrogen atoms (N1/N8/N11B) from three btrb ligands. Cd2 is in a distorted pentagonal bipyramidal geometry coordinated with four carboxylate oxygen atoms (O1/O2/O7/O8) from two 1,2-bdc ligands and three nitrogen atoms (N4/N7/N12B) from three btrb ligands (Fig. S16 in the ESI †) . Two kinds of btrb ligand (N1-N3/N4-N6) act as 2-connected bridges and coordinate two CdĲII) atoms (Fig. S17 in the ESI †). The third kind of btrb ligand (N7-N12) coordinates four CdĲII) atoms with its 1,2-position triazole nitrogen atoms (Fig. S18 in the ESI †). There are two kinds of 1,2-bdc ligand. One kind of 1,2-bdc ligand (O1-O4) shows a chelating bridging (O1O2) and monodentate (O3O4) mode (Fig. S19 in the ESI †) . The other kind of 1,2-bdc ligand (O5-O8) shows a monodentate (O5O6) and chelating (O7O8) coordination mode (Fig. S20 in the ESI †) . A 1,2-bdc ligand (O1-O4) bridges the Cd1 and Cd2 atoms and forms the [Cd 2 Ĳ1,2-bdc)] dimer. The [Cd 2 Ĳ1,2-bdc)] dimer is linked by a 1,2-bdc ligand (O5-O8) and constructs the [Cd 2 Ĳ1,2-bdc) 2 ] n 1D chain (Fig. S21 in the ESI †) . The [Cd 2 Ĳ1,2-bdc) 2 ] n 1D chains are connected by btrb ligands and form the 3D network (Fig. 6a) .
Topologically, if the [Cd 2 Ĳ1,2-bdc)] dimer is simplified as one node, it connects two 1,2-bdc ligands and four btrb ligands and is a 6-connected node (Fig. S22 in the ESI †). The 1,2-bdc ligands (O5-O8) and btrb ligands are 2-connected. The 3D structure of 6 can be simplified as a 6-connected 3D cco-6-Pbcm network with a point symbol of (4 7 ·6 8 ) (Fig. 6b) .
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According to the TTO Collection, there are just two examples of this topology among CPs formed by dimeric structural groups, 23 but 6 contains two interpenetrating cco-6-Pbcm motifs ( Fig. 6c) and is the first such example for this topology.
Crystal structure of {[Cd 2 Ĳbtrb)Ĳbpdc) 2 ] 2 ·11H 2 O} n (7)
7 shows a (3,3,4,4)-connected 2D network. The asymmetric unit of 7 consists of two CdĲII) atoms, one btrb ligand, two bpdc ligands, three ordered lattice water molecules and two and a half disordered lattice water molecules. Cd1 is in a distorted octahedral geometry coordinated with four carboxylate oxygen atoms (O1/O3/O5A/O6A) from two bpdc ligands and two nitrogen atoms (N1/N4B) from two btrb ligands. Cd2 is seven coordinated with six carboxylate oxygen atoms (O1C/ O2C/O3/O4/O7/O8) from three bpdc ligands and one nitrogen atom (N2) from one btrb ligand (Fig. S23 in the ESI †).
There are two kinds of bpdc ligand, one of which shows a dual bidentate bridging mode (O1O2/O3O4) and coordinates with three CdĲII) atoms (Fig. S24 in the ESI †) . The other shows a dual chelating (O5O6/O7O8) coordination mode and coordinates with two CdĲII) atoms (Fig. S25 in the ESI †) . The btrb ligands in 7 are all coordinated with three CdĲII) atoms (Fig. S26 in the ESI †) . The CdĲII) atoms are connected by bpdc and btrb ligands and form a 2D network (Fig. 7a) .
Topologically, each Cd1 atom links two bpdc and two btrb ligands and is 4-connected. Each Cd2 atom connects one btrb ligand and three bptc ligands and is 4-connected (Fig. S27 in the ESI †). The bpdc (O1-O4) and btrb ligands are 3-connected. The bpdc ligand (O5-O8) is 2-connected. The 2D network of 7 can be simplified as a (3,3,4,4) (Fig. 7b) .
Crystal structure of {[CdĲbtrb)Ĳbpdc)]·H 2 O} n (8) 8 shows a (3,5)-connected 2D network. The asymmetric unit of 8 consists of half of a CdĲII) atom, half of a btrb ligand, half of a bpdc ligand and half of a disordered lattice water molecule. Cd1 is in a slightly distorted octahedral geometry coordinated with four carboxylate oxygen atoms (O1/O1A/ O2B/O2C) from three bpdc ligands and two nitrogen atoms (N1/N1A) from two btrb ligands (Fig. S28 in the ESI †) . The bpdc ligands in 8 show a dual bidentate coordination mode and link three CdĲII) atoms (O1O2/O1AO2A) (Fig. S29 in the ESI †). The btrb ligands exhibit an anti-configuration and are 2-connected with their 1-position triazole nitrogen atoms. The CdĲII) atoms are connected by bpdc and btrb ligands to construct a 2D network (Fig. 8a) .
Topologically, each CdĲII) atom links three bpdc ligands and two btrb ligands and is 5-connected (Fig. S30 in the ESI †). Each bpdc ligand is 3-connected. Each btrb ligand is 2-connected. The 2D network of 8 can be simplified as a (3,5)-connected self-catenated 2D 3,5L2 network with a point symbol of (4 (Fig. 8b) .
Effects of multicarboxylate ligands and the bisĲtriazole) ligand btrb on the structures of 1-8
In this work, we used CdĲII) as the metal centre, the btrb ligand as the main ligand, and different carboxylate ligands as the auxiliary ligands to tune the structures of the CPs 1-8.
Initially, we chose 1,2,4,5-benzenetetracarboxylic acid (H 4 -btec) as an auxiliary ligand, thus the unprecedented (4,4,4,4)-connected 3D (electroneutral motif) + 1D (cationic motif) → 3D polythreaded structure of 1 was obtained. The unprecedented 3D (4,5,6)-connected structure of 2 was synthesized if the tetracarboxylate ligand btec was replaced by (1,1′- Fig. 7 (a) The 2D network in 7; (b) schematic depiction of the (3,3,4,4)-connected network in 7. The bright green, pink, blue and turquoise balls represent the 3-connected btrb ligands, 3-connected bpdc (O5-O8) ligands, 4-connected Cd1 atoms and 4-connected Cd2 atoms, respectively. The red sticks represent 2-connected bpdc ligands (O5-O8). biphenyl)tetracarboxylic acid (H 4 bptc). When the tricarboxylate ligand 1,3,5-benzenetricarboxylic acid (H 3 btc) was used, an unprecedented 3D (3,8)-connected topology of 3, based on the CdĲII) trimer cluster [Cd 3 ĲCOO) 2 ], was obtained. If the dicarboxylic ligand isophthalic acid (H 2 ip) was used, 4 exhibited a 2D + 2D → 2D interpenetration network based on the 2D sql network. 5 exhibited a 4-connected 3D cds network when the dicarboxylic ligand 4-methoxyl-isophthalic acid (H 2 MeOip) was used. 6 presented the first 2-fold interpenetrating cco-6-Pbcm 3D network when the dicarboxylic ligand phthalic acid (1,2-H 2 bdc) was used. A (3,3,4,4)-connected 2D network of 7 and a (3,5)-connected self-catenated 2D network of 8 were synthesized when the dicarboxylic ligand (1,1′-biphenyl)-2,2′-dicarboxylic acid (H 2 bpdc) was used.
The carboxyl in 1-8 shows five kinds of coordination mode: monodentate, chelating, bidentate, monodentate bridging and chelating bridging (Fig. S31 in the ESI †) . The ortho-position carboxyl of the 1,2-bdc, btec and bptc ligands makes them easier to chelate with more CdĲII) atoms compared with the meta-position carboxyl of the ip and MeOip ligands. The CdĲII) atoms are more aggregated in 1, 2 and 6 than in 4 and 5. Due to the formation of Cd 3 ĲCOO) 2 , the CdĲII) atoms in 3 are the most concentrated. This result suggests an advantage of multidentate ligands in the formation of metal clusters. The coordination modes of the carboxylate ligands and btrb ligands in 4 and 5 are very similar but their structures are quite different. 4 is a typical 2D 'wave' sql network, while 5 is a 4-connected 3D cds network with a point symbol of (6 5 ·8). The steric hindrance effect of the 4-substituent group in MeOip during assembly may be the main reason for the difference between 4 and 5. One bptc ligand is the combination of two 1,2-bdc ligands. The bigger molecular volume of bptc may limit the coordination of btrb ligands. More btrb ligands join in the coordination in 6 than in 2. The addition of different amounts of bpdc ligands results in the formation of 7 and 8. The formulae of 7 and 8 show the phenomenon that the fewer bpdc ligands are added, the more btrb ligands join in coordination. These cases show the competition effect in co-ligand systems. 1-8 show the topologies devisable by the regulation of multicarboxylate ligands. The btrb ligand was expected to be tetradentate since it has four donor nitrogen atoms. Indeed, this coordination mode (μ 4 ) is typical; it occurs in complexes 1, 2, 3 and 6. However, the simple bridging mode μ 2 is also quite ordinary; it is found in complexes 4, 5, 6 and 8. The intermediate μ 3 mode is realized only in 7. Thus, the btrb ligand shows three kinds of coordination mode (Fig. S32 in the ESI †) . The μ 3 and μ 4 modes result in the formation of condensed polynuclear groups of Cd atoms connected by N-N bridges: in 1 and 6 such groups are represented by dimers, in 3 -trimers, and in 2 -chains (Fig. S33 in the ESI †) .
Despite rather simple coordination modes, the btrb ligand provides a diverse range of coordination network topologies. Some of them are rare, like mot, which, according to the ToposPro TTO Collection, 8a is found only in [(μ 4 -isophthalato) 2 Ĳμ 3 -isophthalato) 2 Ĳ1,10-phenanthroline) 3 Dy 3 -ĲNO 3 )]·2H 2 O (CEJBEA) 22 or 3,3,4,4L72, which is realized only in [(1,3-propanediamine) others are unique, like bli2 and bli3. Complex 6 is also unique as it is the first example of a 2-fold cco-6-Pbcm topology. Importantly, in all these cases the btrb ligand forms condensed groups (Fig. S33 in the ESI †); when it plays the role of a bridge, the topologies become quite common, like in 4 (sql) and 8 (3,5L2). Another important feature of the btrb ligand is that it provides a plethora of catenation (self-catenation in 3 and 8 or interpenetration in 4 and 6). This is obviously caused by its length and twisted geometry.
Thus, the btrb ligand demonstrates a way to obtain new architectures of coordination polymers: the ligand should be polydentate and plays two roles: as a linker in polynuclear complex groups and as a bridge between them. A complicated geometrical form and stretching will lead to catenated topologies.
Solid state photoluminescence properties
The solid-state luminescence spectra of 1-8 were studied at room temperature. The free btrb ligand does not show luminescent properties in the solid state. The possible btrb fluorescence through intra-ligand charge transfer is apparently quenched by the thermal intra-ligand rotations around the C-C and C-N bonds. respectively, which are probably attributable to the π* → n or π* → π transitions. 26 The emission peaks of 1-8 are listed in 
,10]-phenanthroline and H 4 bptc = 3,3′,4,4′-biphenyltetracarboxylic acid) shows a similar emission peak at 518 nm. 26h The other emission peaks of 1-8 are attributed to the n → π* or π → π* LLCT from the multicarboxylate ligands. The emissions from carboxylate ligands show different red shift values from 69 to 123 nm. The red-shift is mainly due to the coordination interactions, which effectively increase the rigidity of the ligand and reduce the loss of energy by non-radiative decay of the intra-ligand emission excited state.
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PXRD and thermal stability
The measured and simulated PXRDs confirm the purity of 1-8 (Fig. S34-S41 in the ESI †). Thermogravimetric analysis (TGA) of 1-8 was performed on crystalline samples heated from rt. to 800°C in a nitrogen atmosphere (Fig. S42 in the ESI †). The water molecules of 1 were completely lost at 150°C (calcd: 12.29%, found: 12.30%), and the framework was stable up to 220°C. The residue of 1 at 800°C should be CdO (calcd: 31.30%, found: 31.55%). The lattice and coordination water molecules of 2 were completely lost at 118°C (calcd: 4.36%, found: 2.29%), and the network was stable up to 354°C. The residue of 2 at 800°C should be CdO (calcd: 31.04%, found: 32.07%). The lattice and coordination water molecules of 3 were completely lost at 162°C (calcd: 5.17%, found: 4.57%), and the network was stable up to 394°C. The residue of 3 at 800°C should be CdO (calcd: 36.84%, found: 37.42%). The lattice and coordination water molecules of 4-8 were completely lost at 117°C, 162°C, 175°C, 149°C and 130°C, respectively (calcd: 6.52%, found: 6.67% for 4, calcd: 3.19%, found: 3.25% for 5, calcd: 4.97%, found: 4.69% for 6, calcd: 9.49%, found: 9.63% for 7 and calcd: 2.95%, found: 2.98% for 8). The anhydrous matters of 4-8 were thermally stable up to 273°C, 308°C, 263°C, 294°C and 256°C, respectively. Then weight loss continuously occurred and did not end until 800°C. The main residues at 800°C were consistent with CdO (calcd: 23.23%, found: 23.27% for 4, calcd: 22.73%, found: 22.79% for 5, calcd: 23.61%, found: 23.51% for 6, calcd: 24.59%, found: 24.50% for 7 and calcd: 21.02%, found: 21.05% for 8).
Conclusions
In short, eight CdĲII) CPs were synthesized using the flexible bisĲtriazole) ligand 1,4-bisĲ1,2,4-triazol-4-ylmethyl)benzene and seven multicarboxylate ligands under hydrothermal conditions. 1 presents an unprecedented (4,4,4,4)-connected 3D (electroneutral motif) + 1D (cationic motif) → 3D polythreaded network. 2 shows an unprecedented 3D (4,5,6)-connected structure. 3 shows an unprecedented 3D (3,8)-connected topology based on the CdĲII) trimer cluster [Cd 3 ĲCOO) 2 ]. 4 exhibits a 2D + 2D → 2D interpenetration network based on the 2D sql network. 5 exhibits a 4-connected cds 3D network. 6 presents the first 2-fold interpenetrating cco-6-Pbcm 3D network. 7 shows a (3,3,4,4)-connected 2D network. 8 presents a (3,5)-connected self-catenated 2D network with a point symbol of (4 2 ·6)Ĳ4 2 ·6 7 ·8). The diverse structures demonstrate that the structures of coordination polymers can be successfully tuned by the carboxylate and bisĲtriazole) coligands. 1-3 show unprecedented 3D topologies. The 3D structures of 3 and 8 are self-catenated. The successful syntheses of 1-8 demonstrate that the topologies of coordination polymers can be adjusted and that unprecedented and intriguing topologies can be constructed by bisĲ1,2,4-triazole) and multicarboxylate co-ligands. This work contributes to the development of crystal engineering and materials science.
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